We developed a competition binding assay for estimation of the intracellular inositol (1,4,5)-trisphosphate (Ins( 1,4,5)P,) and optimalized it for the measurement of the Ins(1,4,5)P, content of human blood leucocytes. The present method is considerably cheaper and requires five times fewer cells than the commercial Ins(1,4,5)P, kit. The mean Ins(1,4,5)P, content of human blood monocytes, granulocytes, and lymphocytes amounted to 3.3k1.2 PM, 3.1f1.4 pM, and 4.6k1.5 PM, respectively. After stimulation with formyl-methionyl-leucyl-phenylalanine (f-MLP) the Ins(1,4,5)P, content of human granulocytes and monocytes increased 2-3 times within 10 set and then gradually decreased, returning to basal values at 60 sec. Lymphocytes did not respond to f-MLP with an increase in their Ins(l,4,5)P, content. 0 1990 Academx PT~SS. W. Abbreviations used: InsP,,, myo-inositol mono-, bis-, tris-, tetrakis-, pentakis-, hexakisphosphate, with positional isomerism of phosphoesters as indicated in parentheses; GroInsP,, glycerophosphoinositol monophosphate; Ins, myo-inositol; PBS, phosphatebuffered saline; cpm, counts per minute; PtdIns(4,5)P,, phosphatidylinositol (4,5)bisphosphate; BSA, bovine serum albumin; B and B,, cpm Ins(l,4,5)P, in the presence and absence of unlabeled compound, respectively.
of saturable, high affinity binding sites for lns(1,4,5)P, in microsomal fractions from bovine adrenal cortex (12) . A modification of the competition radiobinding assay is commercially available and has recently been applied to quantify the Ins( 1,4,5)P, content of slime mold cells (13). Unfortunately, this commercial kit is expensive and requires large numbers of cells. The purpose of the present study was to develop an alternative competition radiobinding assay that would be optimal for the measurement of the lns( 1,4,5)P, content of human leucocytes and changes in it upon stimulation.
MATERIALS AND METHODS
Preparation of cell lvsates. Blood collected from healthy donors by venepuncture was subjected to Ficoll-Hypaque centrifugation (p=1.077; Pharmacia Inc., Uppsala, Sweden) at 440 x g for 20 min at 18°C. After resuspension-of the pellet in phosphate-buffered saline (PBS, pH 7.4) the granulocytes were purified by plasmasteril (Fresenius A.G., Bad Homburg, FRG) sedimentation (1 x g) for 10 min at 37°C washed in PBS and the contaminating erythrocytes were lysed with distilled water. The monocyteand lymphocyte-enriched preparations were isolated from the Ficoll-Hypaque interphase by elutriation centrifugation with a Beckman 52-21 centrifuge (Beckmann Instruments, Mijdrecht, The Netherlands) as described (14) and resuspended in PBS. In all cell suspensions; viability exceeded 95% as determined by trypan-blue exclusion.
To extract the inositolphosphates from the cells, 100 ~1 icecold 3.5% voI/vol perchloric acid was added to loo-p1 aliquots of lo8 cells/ml, and after 20 min at 4°C these samples were centrifuged for 1 min at 7,000 x g. Next, the supernatants were neutralized with 50 pl saturated sodium bicarbonate for 20 min at 4°C centrifuged for 1 min at 7,000 x g and the acquired supernatants were stored at -20°C for up to 2 months. Neutralized perchloric acid-treated PBS served as a control.
Stimulation of leucocvtes with f-MLP. Leucocytes were exposed to 1 pM formylmethionyl-leucyl-phenylalanine (f-MLP; Sigma Chemical CO., St. Louis, MO, USA) dissolved in dimethylsulfoxide (DMSO, Serva, Heidelberg, FRG) and diluted in PBS. Stimulation was stopped at selected times (O-300 sets) by the addition of icecold 3.5% perchloric acid. As control, cells were exposed to PBS with an equivalent concentration of DMSO for the same intervals.
Comnetition radiobindina assay for lns(1,4.5)P, Microsomal preparations originating from bovine adrenal cortex were obtained as described (12). Briefly, bovine adrenal cortices, dissected free of fat and medullary tissue, were homogenized with a blender (Braun, Frankfurt, FRG) in 20 mM sodium hydrogencarbonate and centrifuged for 10 min at 500 x g to remove large pieces of tissue. The supematant was centrifuged for 20 min at 25,000 x g, and then the pellet was washed and diluted in 20 mM Tris-HCl-buffer (pH 7.5) to a total protein content of about 15 mg/ml. Protein was determined according to Markwell et al. (15) , with serial dilutions of bovine serum albumin (BSA) used as standards. 2-3[H]-lns( 1,4,5)P, (specific activity 20-60 Ci/mmol) and unlabeled Ins( 1,4,5)P, were purchased from Amersham International, Amersham, Bucks, UK).
Next, 20 pl cell lysate, 20 1.11 0.1 M Tris-HCl-buffer (pH 9) supplemented with 4 mM EDTA and 0.4% BSA, 20 pl of the optimal dilution of 2-3H-lns(1,4,5)P,, and 20 pl microsomal preparation were pipetted into an Eppendorf vial. Binding of Ins(1,4,5)P3, to components of the microsomal preparation was allowed to continue for 20 min at 0°C. Bound 2-3[H]-lns(1,4,5)P, was then separated from free 2-3[H]-Ins( 1,4,5)P3, by centrifugation of the mixture for 2 min at 10,000 x g, the supematant was then discarded, and the pellet resuspended in 100 yl PBS and mixed with 1.0 ml insta-gel (Packard Chemical Operations, Groningen, The Netherlands) for liquid scintillation counting for 10 min. The amount of lns(1,4,5)P, in the cell lysate was quantified by comparison with the 756 Vol. 170, No. 2, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS standard curve based on serial dilutions of unlabeled Ins(1,4,5)P, (Amersham) made in saline (range 0 to 2.5 pmol Ins(1,4,5)PJ20 ~1). The mean intracellular Ins( 1,4,.5)P, concentrations were calculated from the amount of Ins( 1,4,5)P, and the mean cell volume of the leucocytes (16).
Specific binding values were used to compare the various batches of bovine adrenal cortex microsomal preparation with respect to binding of 2-"[HI-Ins(1,4,5)P,.
To calculate the specific binding, we determined the non-specific binding, i.e., binding of 2-3[H]-Ins(1,4,5)P, to the microsomal preparation in the excess of unlabeled lns(1,4,5)P,, and total binding, i.e, binding of 2-'[HJ-lns(l,4,5)P, in the absenw of unlabeled Ins( 1,4,5)P,.
Fractionation of inositolphosphates in granulocyte lvsates. Inositolphosphates in lysates of granulocytes were separated on a Dowex AG l-X8 (formate-form; mesh size: 200-400; BioRad Laboratories, Richmond, CA, USA) as described (Berridge, 1983) In connection with the possibility that perchloric acid treatment of cells degraded PtdIns(4,5)P, to form Ins(1,4,5)P,, we exposed various amounts of PtdIns(4,S)P,, ranging from 10 pmol to 1 nmol dissolved in 100 pl PBS, to 100 ~1 3.5% perchloric acid and then neutralized the mixture with 50 pl saturated sodiumbicarbonate. Equal amounts of PtdIns(4,5)P, dissolved in 250 ~1 PBS served as control. Next, the amount of material competing with 2-3[H]-Ins( 1,4,5)P, for binding to components of the microsomal preparation was determined. No differences were found between the values for perchloric acid-treated and control samples PtdIns(4,5)P, (n=3; p<O.Ol). Furthermore, the efficiency of extraction of 2-3[H]-Ins(1,4,5)P, was higher than 90% (results not shown).
Measurements of the Ins(1,4,5)P, content were highly reproducible, since the intraassay coefficient of variation ranged from 7 to 18% (four batches of cell lysate; each determined at least in quadruplicate) and the inter-assay coefficient of variation from 12-16% (three batches of cell lysate). Fig. 1 . Competition between the various fractions containing inositolphosphates and 2-'[HI-Ins(l,4,5)P, for binding to sites in the adrenal cortex microsomal preparation. Extracts of human granulocytes were made with icecold 3.5% perchlorlc acid followed by neutralization with saturated sodium hydrogencarbonate. Inosltolphosphates were fractionated on an AC l-X8 column using Ins, Ins( l)P,, Ins(l,4)P,, and Ins( 1,4,S)P, as standards. All fractions were screened for cross-reactivity in the competition binding assay. Only the fractions containing Ins( 1,4,5)P, displayed cross-reactivity. 
